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The identification of protective antigens is a primary limitation of vaccine development 
MATERALS AND METHODS
78
Animals and Sampling
79
The cattle used in this study were treated with strict accordance of guidelines set by The resulting individual colonies were selected and grown overnight at 37°C using 112 standard procedures. Plasmid DNA was extracted from the cells using the Q1Aprep ® culture was grown for 4 hours, pelleted by centrifugation for 10 min at 10 000g and 4 °C.
138
The pellets were flash frozen with liquid nitrogen and stored overnight at -80 °C. The first step of purification was performed using 5mL of HisPur Nickel NTA resin 
169
Successful protein purification was verified using standard SDS-PAGE (Fig.1) . 
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There are three variants among all other previously identified ompA sequences.
212
Variant 1 (V1) is the most common and is typified by the St. Maries reference strain. with all Ghanaian variants, as described above. 
